INTRODUCTION {#s1}
============

Obstructive sleep apnea-hypopnea syndrome (OSAHS) is an independent risk factor of cerebral arterial thrombosis, which can aggravate the cerebral injury caused by cerebral arterial thrombosis \[[@R1]--[@R2]\]. Autophagy, which widely exists in cerebrovascular diseases such as cerebral arterial thrombosis, exerts significant effects on the pathological process of cerebral arterial thrombosis via regulating apoptosis of nerve cells \[[@R3]--[@R4]\]. Mammalian target of rapamycin (mTOR) is an evolutionarily conserved serine/threonine protein kinase, which can be stimulated by various factors such as growth factors, nutriments, etc., and then phosphorylate downstream target proteins to engage in genetic transcription and protein expression and affect autophagy \[[@R5]--[@R6]\]. Studies have shown that rapamycin can lessen hypoxic-ischemic brain damage of new-born rats, in which mTOR plays an important part \[[@R7]\]. ROS, oxidative stress, and inflammation responses, etc., aggravate OSAHS complicated with cerebral arterial thrombosis, which all can result in autophagy of nerve cells in a direct or indirect manner. Therefore, we speculate that mTOR/autophagy-associated pathways play an important role in the pathological process of the aggravation of cerebral ischemia nerve injury caused by intermittent hypoxia. In this study, we used rats with intermittent hypoxia preconditioning to prepare global cerebral ischemia-reperfusion models, observed the expression of mTOR/autophagy pathway and the loss and changes of nerve cells in the rat hippocampus and investigated its role in the aggravation of cerebral ischemia-reperfusion neuron injury caused by intermittent hypoxia, so as to provide experimental basis for the prevention and cure of OSAHS complicated with ischemic cerebrovascular diseases.

RESULTS {#s2}
=======

HE staining {#s2_1}
-----------

The hippocampus nerve cells of the SO group showed orderly arrangement, normal structure, clear nuclei and distinct nucleoli. The I/R group showed many swollen neurons with loosen structure and deep-dyed and pyknotic nuclei, with a part of neurons completely losing their nuclei, forming a vacuolus-like structure, and showed a markedly decreased density of survival neurons at each time point (6h and 24h) (P\<0.05). The IH+I/R group showed even more seriously damaged structure of neurons, more denatured and necrotic neurons with loosen structure, deep-dyed and pyknotic nuclei in neurons with a part of neurons completely losing their nuclei, forming a vacuolus-like structure, and showed a further diminished density of survival neurons at each time point (6h and 24h) (P\<0.05). Compared with the IH+I/R group, the inhibitor group showed a lower degree of structural damage of neurons as well as an increased survival density of neurons at each time point (6h and 24h) (P\<0.05). (See Table [1](#T1){ref-type="table"} and Figure [1](#F1){ref-type="fig"})

###### Intergroup comparison of the survival rates of hippocampus neurons (n=5, %)

  Groups            n   Survival rate of neuron   
  ----------------- --- ------------------------- ------------------
  SO group          5   99.08±0.84                98.65±0.75
  I/R group         5   78.65±1.43\*              71.71±1.39\*
  IH+I/R group      5   49.06±1.70\*^△^           45.12±1.51\*△
  Inhibitor group   5   55.03±1.63\*^△Δ^          50.32±1.42\*^△Δ^

Note: \**P*\<0.05, compared with the SO group; ^△^*P*\<0.05, compared with the I/R group; ^Δ^*P*\<0.05, compared with the IH+I/R group

![Hippocampus neurons of each group 24h after cerebral ischemia (HE staining, 400x)\
**A**. SO group; **B**. I/R group; **C**. IH+I/R group; **D**. inhibitor group.](oncotarget-08-23353-g001){#F1}

Immunohistochemical staining {#s2_2}
----------------------------

### mTOR {#s2_2_1}

mTOR manifests as a brown color after immuno-histochemical staining, and it is located in cytoplasm and primarily expressed in neurons. mTOR immune-positive cells were rarely seen in the SO group; compared with the SO group, the I/R group showed an increased number of mTOR immune-positive cells at each time point (P\<0.05); compared with the I/R group, the IH+I/R group also showed an increased number of mTOR immune-positive cells at each time point (P\<0.05); compared with the IH+I/R group, the inhibitor group showed a decreased number of mTOR immune-positive cells at each time point (P\<0.05). (See Table [2](#T2){ref-type="table"} and Figure [2](#F2){ref-type="fig"})

###### Intergroup comparison of the counts of mTOR or beclin1 immune-positive cells in the hippocampus (*±s*, cells/visual field at high magnification)

  Groups            n   mTOR               beclin1                               
  ----------------- --- ------------------ ------------------ ------------------ ------------------
  SO group          5   14.65±0.48         15.40±0.58         2.06±0.23          2.10±0.30
  I/R group         5   22.38±0.46\*       24.16±0.60\*       8.58±0.58\*        10.58±0.49\*
  IH+I/R group      5   30.40±0.43\*^△^    32.86±0.50\*^△^    15.57±0.57\*^△^    18.78±0.43\*△
  Inhibitor group   5   26.60±0.37\*^△Δ^   28.51±0.52\*^△Δ^   21.74±0.51\*^△Δ^   24.32±0.49\*^△Δ^

Note: \**P*\<0.05, compared with the SO group; ^△^*P*\<0.05, compared with the I/R group; ^Δ^*P*\<0.05, compared with the IH+I/R group

![Positive expression of mTOR or beclin1 in the hippocampus of each group 24h after cerebral ischemia (immunohistochemical staining, 400x)\
**A1--D1**: immunohistochemical results of beclin1 in the hippocampus for SO, I/R, IH+I/R and inhibitor group respectively. **A2--D2**: immunohistochemical results of mTOR in the hippocampus for SO, I/R, IH+I/R and inhibitor group respectively.](oncotarget-08-23353-g002){#F2}

### Beclin1 {#s2_2_2}

Beclin1 manifests as a brown color after immuno-histochemical staining, and it is located in cytoplasm and primarily expresses in neurons. Beclin1 immune-positive cells were rarely seen in the SO group; compared with the SO group, the I/R group showed an increased number of beclin1 immune-positive cells at each time point (P\<0.05); compared with the I/R group, each of the OSAHS hypoxia groups showed an increased number of beclin1 immune-positive cells at each time point (P\<0.05); compared with the IH+I/R group, the inhibitor group also showed an increased number of beclin1 immune-positive cells at each time point (P\<0.05). (See Table [2](#T2){ref-type="table"} and Figure [2](#F2){ref-type="fig"})

RT-PCR {#s2_3}
------

### mTOR {#s2_3_1}

Compared with the SO group, the I/R group showed remarkably enhanced expression of mTOR protein at each time point (6h and 24h) (P\<0.05); compared with the I/R group, the IH+I/R group showed enhanced expression of mTOR protein at each time point (6h and 24h) (P\<0.05); compared with the IH+I/R group, the inhibitor group showed down-regulated expression of mTOR protein at each time point (6h and 24h) (P\<0.05). (See Table [3](#T3){ref-type="table"} )

###### Changes of the relative expression levels of mTOR and beclin1 mRNA in the hippocampus of each group (x¯ ± *s*)

  Group             N   mTOR              beclin1                             
  ----------------- --- ----------------- ----------------- ----------------- -----------------
  SO group          5   1.00±0.00         1.00±0.00         1.00±0.00         1.00±0.00
  I/R group         5   1.22±0.10\*       1.27±0.08\*       1.57±0.11\*       1.79±0.09\*
  IH+I/R group      5   1.65±0.06\*^△^    1.73±0.07\*^△^    2.37±0.14\*^△^    2.54±0.24\*^△^
  Inhibitor group   5   1.32±0.07\*^△Δ^   1.43±0.06\*^△Δ^   2.87±0.10\*^△Δ^   2.94±0.15\*^△Δ^

Note: \**P*\<0.05, compared with the SO group; ^△^*P*\<0.05, compared with the I/R group; ^Δ^*P*\<0.05, compared with the IH+I/R group

### Beclin1 {#s2_3_2}

Compared with the SO group, the I/R group showed remarkably enhanced expression of beclin1 protein at each time point (6h and 24h) (P\<0.05); compared with the I/R group, each of the OSAHS hypoxia groups showed enhanced expression of beclin1 protein at each time point (6h and 24h) (P\<0.05); compared with the IH+I/R group, the inhibitor group also showed enhanced expression of beclin1 protein at each time point (6h and 24h) (P\<0.05). (See Table [3](#T3){ref-type="table"})

DISCUSSION {#s3}
==========

In the present study, we found intermittent hypoxia preconditioning can aggravate the nerve injury of the global cerebral ischemia-reperfusion model, and the mechanism is associated with the activation of mTOR/autophagy pathway. Our results provided experimental basis for the prevention and cure of OSAHS complicated with ischemic cerebrovascular diseases.

Autophagy widely exists in eukaryotic organisms, which is a phenomenon that cells recognize, degrade and reverse dysfunctional proteins and organelles via the lysosome pathway, stimulated by physiological or pathological factors. It is the third manner of death besides necrosis and apoptosis \[[@R8]--[@R9]\]. The results of the study showed that compared with the I/R group, the IH+I/R group showed aggravated structural damage of neurons and a decreased survival density of neurons at each time point (6h and 24h) as well as enhanced expression of beclin1 protein detected by immunohistochemical staining and RT-PCR, which indicated that autophagy exists in the process of pure cerebral ischemia-reperfusion, and intermittent hypoxia can further activate autophagy and worsen neuron loss after cerebral ischemia. These findings are consistent with existed research results at home and abroad. Liu \[[@R10]\] built the intermittent hypoxia mouse model and observed the expression of autophagy-associated proteins of the nerve cells in the mouse hippocampus CA1 region after intermittent hypoxia, and the results showed an increased level of LC3II/LC3≡ protein and exacerbated ultrastructural damage of neurons, which indicated that intermittent hypoxia could induce autophagy in nerve cells of the rat hippocampus. Koike et al. \[[@R11]\] found in the ischemia hypoxia mouse model a remarkable rise of the level of LC3-II protein, the formation of autophagosomes in the pyramidal cell layer of the hippocampus and extensive death of hippocampal neurons, which suggested that the activation of autophagy led to enhanced expression of LC3-II and aggravated neuron injury.

mTOR signal pathway plays an important role in central nervous system diseases. For instance, Su \[[@R12]\] treated the mice suffering cerebral ischemia with rapamycin, and found that rapamycin could up-regulate the phosphorylation level of mTOR protein and reduce the cerebral infarct area, which indicated that the protective effect of a trace amount of rapamycin on acute cerebral ischemic injury was correlated with the activation of mTOR signal pathway. Xu \[[@R13]\] established the SAH model with SD rats which were treated with rapamycin, and detected the expression of phosphorylated mTOR by Western blot, and the results showed enhanced activity of mTOR after SAH, which indicated that a trace amount of rapamycin could down-regulate the phorylation level of mTOR protein and reduce the degree of edema and necrosis of brain tissue. Based on our results in this study, immunohistochemical staining and RT-PCR both showed enhanced expression of mTOR protein in the IH+I/R group at each time point (6h and 24h) compared with the I/R group, which indicated that intermittent hypoxia could activate mTOR signal pathway and deteriorate nerve injury after cerebral ischemia. Studies \[[@R14]--[@R16]\] showed that stress responses such as hypoxia, ischemia, low-energy, could regulate the activity of mTORC1 via up-regulating AMPK activity, changing the aggregative state of TSC1/2, phosphorylating TSC2 or directly phosphorylating raptor; and inflammatory factors such as TNF-α could trigger similar disaggregation of TSC1/2 through IKKβ or Wnt signal pathway so as to activate mTORC1. Therefore, intermittent hypoxia can activate mTOR signal pathway to worsen cerebral injury by aggravating anoxia, ischemia and the release of inflammatory factors such as TNF-α in the central nervous system after cerebral ischemia. Recent researches show that mTOR kinase is a pivotal regulatory site of autophagy, which closely correlates with the onset and development of autophagy, and inihibiting mTOR activity can up-regulate autophagy \[[@R17]--[@R18]\]. Tizon et al. treated the mice suffering cerebral ischemia with cysteine protease inhibitor C and the results showed decreased activity of mTOR signal pathway, up-regulated autophagy and a lower degree of neuronic injury, which suggested that inhibiting mTOR pathway could induce autophagy so as to exert protective effects on cortex neurons of mice \[[@R19]\]. Zhu et al. \[[@R20]\] found that down-regulating phosphorylation of mTOR via blocking P13K pathway with type IP13K kinase inhibitor could inhibit autophagy induced by high glucose and promote apoptosis induced by high glucose, which indicated that mTOR signal pathway plays an important part in autophagy induced by high glucose. Based on our results in this study, immunohistochemical staining and RT-PCR both showed down-regulated expression of mTOR protein and up-regulated expression of beclin1 protein in the inhibitor group at each time point (6h and 24h) compared with the IH+I/R group, which indicated that mTOR inhibitor could suppress the expression of mTOR protein and then promote the occurrence of autophagy.

Several limitations should be mentioned. Firstly, we performed experiment only in *vivo* but not in *vitro*. Secondly, the results may be more stable if we verified the results in cell model. Finally, the interaction between these two proteins was not be analyzed.

In conclusion, intermittent hypoxia can aggravate the nerve injury of global cerebral ischemia-reperfusion via activating mTOR/autophagy pathway.

MATERIALS AND METHODS {#s4}
=====================

Materials {#s4_1}
---------

Eighty male Wistar rats were purchased from Beijing Charles River Co., Ltd (license: SCXK).

Grouping and model preparing {#s4_2}
----------------------------

The rats were divided into four groups by the random number method: SO group (n=20), I/R group (n=20), IH7+I/R group (n=20), IH21+I/R group (n=20). Each group was subdivided into two time-point groups: 6h group (n=10) and 24h group (n=10).

In the SO group, vessels were exposed and isolated, electrocoagulation was not performed to the vertebral artery and the common carotid artery was not clipped. In the I/R, IH7+I/R and IH21+I/R group, rat models of global cerebral ischemia were performed with improved Pulsinelli four-vessel occlusion method, and the procedures were as follows: the rats received anesthesia with 10% chloral hydrate and then were fixed at prone position; the back of the occipitalia was cut open in the middle to expose the double flank holes; the preheated electrocoagulation needle was inserted (each time lasted for 2-4s) to seal the bilateral vertebral arteries; the rats were then placed on the surgery board in lying position, and the neck was cut open in the middle to isolate the bilateral common carotid arteries; twenty-four hours later, the bilateral common carotid arteries were simultaneously clipped for 15min to cause global cerebral ischemia.

From 8:00am-15:00pm every day, the rats in the I/R, IH7+I/R and IH21+I/R group stayed in the hypoxic chamber where nitrogen and air alternated with one circle lasting for 120s. Nitrogen entry continued for 30s to maintain an oxygen concentration of 5-21% internally. A digital oxygen meter was employed to monitor the internal oxygen concentration. The whole process continued for 21d.

HE staining {#s4_3}
-----------

Five rats were randomly selected from each group 6h and 24h after cerebral ischemia-reperfusion respectively, and fixed by cardiac perfusion with 4% paraformaldehyde. Then brain was harvested after decollation to cut out brain tissue from optic chiasma to cerebral transverse fissure. After the procedures of dehydration, paraffin embedding, sectioning, deparaffinating, xylene clearing and HE staining were performed routinely, the sections were observed under the optical microscope (40×10).

Immunohistochemical staining {#s4_4}
----------------------------

The above-mentioned brain tissue sections were routinely deparaffinated, blocked with 0.3% H~2~O~2~ for 10min and subjected to heat induced epitope retrieval for 1.5 min. After anti-beclin1 and anti-mTOR antibody was added, the sections were incubated in the wet box at 37°C for 30min. Then secondary antibody was added, followed by incubation in the 37°C incubator for another 40min. Next, after DAB development, dehydration, clearing and sealing with neutral balsam, the sections were observed under the microscope. Quantitative analysis of positive rates: five sections were selected for analyzing each index, and five view fields were randomly selected in the hippocampus on each section under the optic microscope (400X), and positive cells of each view field were counted with the computer.

RT-PCR {#s4_5}
------

Five rats were randomly selected from each group 6h and 24h after cerebral ischemia-reperfusion respectively. Tissue (50\~100mg) was collected from the hippocampus CA1 region of the rats and then well grinded in 1mL Trizol reagent to extract total RNA. OD260/280 values were measured with Rotor-Gene3000 fluorogenic quantitative PCR amplifier, and RNA concentrations were calculated with OD260 values. RNA was then stored at -80°C. Detection procedures: the forward and reverse primers of mTOR were GGTGGACGAGCTCTTTGTCA and AGGAGCCCTAACACTCGGAT; the forward and reverse primers of beclin1 were CTCTCGT CAAGGCGTCACTTC and CCTTAGACCCCTCCATT CCTCA; RT-PCR reactions: Stage 1, 2 (reverse transcription reactions): Reps: 1, 42°C 50min, 95°C10sec; Stage 3 (PCR reactions): Reps: 45, 95°C 15s, 56°C 20s; Stage4 (dissociation curve analysis): Dissociation Protocol.

Statistical analysis {#s4_6}
--------------------

A database of the data obtained in the study was established using Excel 2003 software. All data were shown with x¯ ±s. One-way analysis of variance for repeated data was performed with SPSS17.0 software. P\<0.05 indicated significant difference.
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